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ACOUSTIC RAYTRACING TO FIXED GROUND
RECEIVERS (PROGRAM AIRRAY)

INTRODUCTION

AIRRAY is a FORTRAN-IV program which adapts some of the techniques used for some

time in underwater acoustic ray computations to atmospheric ray tracing. The basic ray path

integration algorithm of R. J. Thompson, 1 2 which has been incorporated into this program,

computes the paths of sound rays reaching the ground from a source at an arbitrary altitude,

and traveling in a fixed vertical plane. The effect of the horizontal component of the wind in

the source-receiver plane, at each altitude, is considered in the program; other wind com-

ponents are neglected. The present program is designed to find all eigenrays (rays connecting

source and receiver) reaching a set of equally-spaced receivers along the ground track, either

directly or by multiple surface reflection, and compute their travel times, ray intensity levels,

ray angles and number of surface reflections. Eigenrays are found, and their trajectory parame-

ters are computed, by linear interpolation in the set of rays traced to the ground. After the

eigenrays along a user-specified set of tracks have been computed, a table of CW transmission

losses vs. range and bearing is computed by random-phase addition; or, for a given bearing, a

table of transmission loss vs. range and source altitude may be computed.

Since this program will often be used to model explosive or moving sources of sound, the

eigenray listing may be a more useful output than the transmission loss table. The transmission

loss calculation is strictly valid only for a stationary continuous source; however, the table may

Manuscript submitted November 18, 1979,



EVAN B. WRIGHT

still be useful in indicating the locations of shadow zones on the ground. Transmission losses

greater than 120 dB are not printed, so that high-loss regions stand out in the table as blank

areas.

The physical input data required is a weather profile, i.e., a table of temperature, wind

speed, and wind direction as functions of altitude. The receivers are always on the ground, and

the ground is flat, although it may be at an arbitrary elevation with respect to sea level, where

the weather profile is assumed to start.

THEORY

An outline of the theory will be found in Refs. 1 and 2. It is of interest here, however, to

show a comparison between the equations used here and those of single-profile underwater

acoustic ray tracing with currents neglected, where Snell's law applies. The basic differential

equations in the Snell's law case are.3

dx c
- - 2 -- (IA)dt cm

- :f= C I C(1 B)
dt Cm

and an invariant quantity along the trajectory of a ray is

C

Cm - (2)
cos 0

In the present model of an atmosphere with wind, the differential equations are

dx u(1 + ku) - kc 2  (3A)
dt 1 + ku

dz c + ku) 2 - k2c2  (3B)
dt 1+ ku

2
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and the invariant quantity along a ray trajectory is

c 2 -u 2 1u + c 2 +(c 2 -u 2 )tan29 4

In all of the equations above, x and z are the horizontal and vertical coordinates, respectively,

c - c (z) is the soundspeed, u - u (z) is the in-plane component of wind speed, and 0 is the

ray angle with the horizontal. Note that the present model is not the small-angle model some-

times used, where Eqs. 1 and 2 are used with the still-air sound speed c being replaced by c + u

at every altitude in the vertical plane.4 The present model treats the wind component in the

plane exactly (Eqs. 3A and 3B), although neglecting the ordinarily smaller effect of crosswind.

The interpolating function used here is piecewise-linear; i.e., the ray path equations are

solved in closed form in each profile layer, under the assumption that c and u vary linearly with

z within the layer, and are continuous at layer boundaries.

INPUTS AND OUTPUTS

The input card deck structure for AIRRAY is as follows: !
Card 1: Any alphanumeric title in cols 1-72.

Card 2: DR, R2, (H(I), I - 1, 8) FORMAT (1OF8)

DR is the initial receiver range (and range increment) in km.

R2 is the final range in km.

H is the array of source altitudes in m.

Additional source altitudes may be entered following card 2 in format (10F8), up to

a total of 30. Always terminate the array of source altitudes with a blank or nega-

tive number, using an extra card if necessary. Note that the source altitudes

entered are measured from ground level.

3
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Card 3: (B (1), I = 1, 16) FORMAT (16F5)

Card 3A: (B (I), I = 17, 30) FORMAT (16F5)

B is the array of track bearings (source to receivers). Use card 3A if more that 16

are to be computed. Always terminate the bearing input with a negative number

unless the full 30 are entered.

Card 4: (Y (I), T (I), D (I), W (I), I - 1, 50) FORMAT (4F8)

Y is the array of weather profile altitudes in m. (Y is measured from sea level-see

below.)

T is the array of temperatures in degrees C.

D is the array of wind directions (bearings from which the wind blows) in degrees.

W is the array of wind speeds in knots.

The weather profile is read in, one altitude per card, from sea level up. The

last altitude should be above 100,000 m, and its temperature should be the max-

imum on the profile. Always terminate the profile input with a blank card, unless

all 50 altitudes are used. Since the first weather profile card is for sea level, the

first profile altitude is always 0. If a non-zero ground elevation is desired, enter it

in m. in the Y-position on the hrst profile card. The rest of the altitudes in the

profile will be reduced to altitudes above ground level in the program. Source alti-

tudes are always measured from ground level when entered.

The program finds and lists all eigenrays for a track (source-receiver bearing) before going

on to the next track. (The listing for each eigenray includes the number of ground reflections

the ray has had up to the receiver point, and the ray's source and receiver angles, travel time,

intensity level, and mean horizontal speed.) After all tracks for a given source altitude are

4
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done, a table of transmission loss in dB vs. range and bearing is computed by random-phase

addition of eigenrays at each receiver, and printed. Then the program proceeds to the next

source altitude and repeats the computations for the same set of bearings.

If only one bearing is entered, transmission loss is tabulated vs. range and source altitude

rather than range and bearing. In this case the table is not printed until the very end.

Appendix A is a listing of the program; Appendix B is a listing of a sample data deck with

the resulting output.
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51, 1675-1682 (1972).

[21 Thompson, R. J.: Computing Sound Ray Paths in the Presence of Wind, Sandia Lab. Report

SC-RR-67-53 (1967). Sandia Laboratory, Albuquerque, N.M. 87115.

[3] Wright, E. B.: Acoustic Transmission Loss by Single-Profile Ray Tracing, NRL Report 7815

(1974). Naval Research Lab., Washington, D.C. 20375.

[4] Roberts, B. G. and E. H. Bebbs: Atmospheric Ray Tracing NRL Memorandum Report 2865

(1974). Naval Research Lab., Washington, D.C. 20375.

°-.S



Appendix A

7



EVAN B. WRIGHT

P- $9 I-hs O

a4 -w. a
w - = 1z M.

of-4 
U, Wa NL-.bpa. s e944"-& I

0.*
=4041t1- SA i

29 .4 %'1 W 0 k

1A W, 40--o 1-0 3 m a" - r4w v 4w

44 2 0.1001014 Z -. 044-- 44-0 e

00- I5 V45 41 logo.4 Wu 0 .W.. W 1U W 0OUM 04- 0I-.-~ ~ M . X; WC34aww.44.,. ~3
ago m W^ "4z W W--12 ft4cVQx W O .0 mom

I. . - 0 - OW . U4 ON,:

U 4~~~~~o w 41 1.451C 4 W -q4 -4 ~IA
S " 5W ~W 0.

4
NU0dJ -'02344' m =We maw~~j~O-jg4. -.-d . W 11400 3Oi 2= 1 O.

W a.94 'A 4U4WWWI.zi M

Z . WO M,4.49450WW1WW4MY4I I ;r0 ;4 .4 .d rf-LM0wws P1- 0 a "-..I.g0.UQ .%%

2 1-0 4440=5.4IW 
NCE

4 41 -*= 10 *W

I46. ro *3S4. 44.404 04.0.4.4
&Ae1D-4 W& W= .%%4j

5 ~ ~ U 44* UU.. 05401 4- WI..0z 4 04 -0
* - .439 we -44g0.4. I -W 1 4403-I "%

.4 4 44 4 4Ik4 1 4-p. O 40ie ~ . 4 - 0 3~

~ g~g 1-4 4- 0.4...41-41-0 0 -OJ 11A."* U4 IL 1 0 0
4 1 40 ~ -~04113tl 441 I 1-WL4~ 

4
O 4S 5 W ~ - ZOO=n~4

5 N 9 w .J0. JIA O U 4 4 4 .6 3. 2 4 3 1-5 - 1 ~ 4 .4 0 0 0



NRL MEMORANDUM REPORT 4185

0%
* 'a

W a,

4-0

a..

MlL
UW

Z 9
On E-

Mla War.4
%bwo P-31 a O u L

Mt W% 3 0%69 X^.9

dO~ ~~~ W % 4 N ~ gv .

v As 9 1 if WS
p 00woN 0 4o km @34 43sa. W G 0. 94j %.. VU9 ~ WM

3 ~I 6a W .14 %M - 3 9

a. 4 S%mc I %p

4 3S% C=V f

a. .1 IC s-
4 mm *D 4 a hZo % 3a.4 U

O-Y a% ~.1W a.0. d00. , 4%

U. 4 0 P..W m*3 JW m.
moo .63 W".4& Ml 491

49-j -%4~ U C.
co.- oa. ^m.01 aI,.I$ 0 0 4 U.m

^ON0 0 2 0 0% luZ 14 . 10

0.WA 04 4" U .41%E03 43 .

4D 31 A41. 0-= . M0 "Z:
4 34i "4 9" 0 w

I-.9 -
3%@ 0%612 % % b 4444 +l%-9~4443

0 @a0 BIC'011 4 d J 44 @.4U
ftdr bI.%~.oc~j% 0#

=r _04 _0,1 4 44 = 639V*W xS Z

a4 a- Do J1 0 Doom 4444190. m-cve
9-~cccm WWI- U &6%1344......34% ZU.3 O&S -pan"~4(.

43 % %%I%%%W~dU3UU~N% 444 4 -my 0(% ."41% 9 1

MlCCP S 00030 4(4444 44%4.1 &%



EVAN B. WRIGHT

N

3;A

ate

U
I
N

N

M * 0

a b.
w w

Jt IL 0% 0%l as Z= a MW

0m A

*NWl l A il i .ll, l l

h --I N3U-N~ iII I il.W

I a l tAu.. li N

10



NRL MEMORANDUM REPORT 4185

0"fp

em

Im -

0 .

0

W 0

W w
w I-

NO

. "16

O% 0%F mm.4

* 00 mU* *
+^ ~ ~ ~ N~.+^l

MN %041 N

ttp* wa0w %1.

0 N
__ NN0~ 0 

%N ~ '.JN i. NON N sw e ftdN



EVAN S. WRIGHT

* if

awin

Sin

OQwwme

bt.

-,j -

Mh

IN Vw xp* a Vn OM $-
si m

'A 0

12,



NRL MEMORANDUM REPORT 4185

al %
of N

a. N HS

so .-9P . .- 0

ummro 0"LL ZE Me

RU. aw a 9"'4 4 is.

WI-.d-e .%, - r r

W lWa A -zz4 a Ill
z ,.= 660'4 p3.WWIL 23 6 %.AJ-

U. 'A x4 4 2 W.4 0-B I. W23Z 3 -axg -0
a. *- S=431406 M de4'23

0-O~
3

% bo Ton= W

- 3- a muz - - 4#
U~"4 la 34u~ 430 03-3M a*-3

ILZ 3~ 4

WQN NWW a s NM. . .P .+ aNm

IL 4~3S~.owl..

CZN , ~0, Ea@
'I I- 63"8 Wk4 &34dU34J4 *9NI U. 3-B 3 419 W3- I -- M3 3-a No N-

- G 3 50914 W W go's-t~ .. Me .3W ,

I 4 'A3 Voi 00=4. ge

40.00. @,fw

' " 3 OW w33@ M-0-0-2*.6 344N 334--4--

I *jN4Nj1 ~gj 3 M 3 M 3 - 313~ 4 W.hU5IJJ



EVAN B. WRIGHT

;t-
*m 0
vi0"b

emu
,B 1

4-l

IL 0 . 1
g
6)

Ud

o-lg p - X , 6

'9 P
41-4im

S a

aw- b4

44 1 4cc asI

if "'w i v -.

womss-as,~I-Z - 13. IP
I- 1. .m wwER a.w ~l
'4 4Mb 0 x W.C., a~ a40.

*w Xw ~ ml O po" s* 1.1 1- S. IM .. H
U," ZZ mC4A 0 WWA.4904 CP*%-

I-Kmr041W o-NI v N " Wo4 ma. j

4 .4mfi I sa anal4m.
a, I. 3E. 3-. -3f:~ :0 044.

ai I AIW 3 %

4A a a
'40 0b 00 to'444I4 3

'4'4~~UNJi v 4W ~ '4'3 1

pq fU ~ w m -w4Wq l4.~0 wage
IV. GmN* Wb 04-

a vi~ 0 -"ok Ucccckco~ C4a00000
of m '4 *

~a. u m 14



NRL MEMORANDUM REPORT 4185

Pd4M .d e. .d

r. u..
* U.-l

U, 16 0y
WI M CO.

IN g W3 4.a

W. 591 U4 W U P.06

ILU W Pp.NiW~
IN d1mM.Jd.l-
a. onm@eP 83~

M@~ 0w AwI C-.4

N6 p4400%M 99-WR

b-40 * A 0-% -A V

Oc.%1 % U 49.

04IAW Uh Otum U3P49,42" W WW -

54a U O ~ eo WPP~s34 05-1 AUUZfNOSo

2 W rIUM4m n-UU3w cgAm %$- t 0o

I-g3gp I-1 -0 & W &2 Shia.

Igx j I.A.10 IL P4~g4 "ON
idu a OUW Pauw - 41-0 e h

U000@00000

15quj.p jxu



EVAN B. WRIGHT

z22.

10 0

Gil

4L4

OP. JP

NO UL , I ,

IV 3*3. , lis

lu ma.es-

ClVo P.W.1

a

0 in amod0  NOW

w.g

z 10. Q1 1; in PIyIq m

ci4.4 01 P 0 %^ wIa

* 4 MC *0P90 C 4 1i . .- . a- 4W
0 z 0w s- U.~ Eurn W1-6 0#0

.4 .4 =%O 4!i va Zoinin g.

o00 40 PCU ONO 0 "qj .j

40 i 'A z at 04 U4~44

m, O0 0 .4N Qono *'o 0 OOR-A 0&0 0 .Ni

-- N N N, Nf
:we UOILP41D XIJ'l 211..0%

.4 *0*. C,0 014o

.0 d O N0

16



NRL MEMORANDUM REPORT 4135

ma

44

am.

a4 4w

4b 0 .4 .
14 *4

%0

17 1



EVAN B. WRIGHT

a N

a. aa
' 1 0

.44.

16 Ma af

JU

W6

&aU
fm U UMUt.I

-S WO * F-1 fe-i

Alt w Elf

ss PS4n2 9,l,0

o e -- - - - - - - - - -

~ N * ~ 18



NRL MEMORANDUM REPORT 4185

0"

6%o

w mia.
NNu

fimat ZW 0

IL 0

od N4

.4 1
16 %0 .4

NO ww

0 IL
o w o fm - Nbit 19 01 = iq

N 4

*w 0

N N 4

4Wlo- Vd - -
Cdi -omN

NS. - U. N U m I
* Pd %19



EVAN B. WRIGHT

an go

LoIsm

u.
Up*

.42.0

.aM wMM~b w

P%^0W WWW

nrcoll"OU2*0.4114

IL 0 . x '
3W . ZUW %00W*IO4

4 0 2 N .4gvz0c

%0 x.4aso$ WJb .4 .1- W

S OW O OWM. :IdhJ

0.00 0L low a 0~031 .

IMM.14 IN - 5..-Ia4 %.~WS.0at. N~6 .4 .4 vN0.

low ~ 3 Z:4 4 w N~* ~ 4~

tsa N I a :~'6 b-X P.

40.W.4-U WN1A-

11tm WW P4'%.40
0000 0.00I 4 Ii@ WN@i- OP W0"0 00 0 Sb0bZU~M0 M1N 1 0 00001

02



NRL MEMORANDUM REPORT 4185

0~ 0.

06

C m.

, I-b

NNN

aN ma
U.~~~~~ @Af j^b^ WI

-9 b.0610 a t

ON vVw
OR awe 46 V5

w MO or al£

No- 1i N --

Iho 0- 20 11 MOO A15so
a. a 0 4 PS . 1

3c x .. a. F3 o h
ooom0 OW 44

*,wzza ON amrW S.oow A0 a WA %N%

hg-2 I 0@@ isa Ow Sj N N2 2~ P

.9~~ NIDCV I04fe at
Z. 30S NS 10-6j~d9 N2omz bK 0490 00

0.4 KNE

Z.1-~N a we a

N aU NJ aN 000005. cot 3h U b.I GA 32 0 0
aN *) U*N000000o ZhishiN. 00:0 am .8.J0N.U5 i

z ? N m4 ~ s9 o JPh~54 *&2 sU35N5

LIV 0 N U a VE ~ @Phi~ hN aPsS PN ig E 4211



EVAN B. WRIGHT

ZVI,

0 
Zem'a 

w
N 03 WZ ~ o

a"= Sma=mw

.ju41 4 a06 w
a= w.go .

OUON3 I HD

Z Nra P 44Nj.
a.. 

mooza

%
wN6 . I W.14 1

egoow 00 a3 a1~am^ a~ etWwoI m ~U33
o i a =I" WK

,Was 3 m mJ.
I 4m~0 a w-134W11"I"w

I. ~ Ww W ^ a JP.WO -w W 1 3 1 ~ e
b, ""v.- ala 01e* 1.
a 0 WMV.064W "D" 0 46mull! 14

* w %*W. . 0. U4 a a a=.*

IAIAIw n .E 1- 0 w I~W 4 a i

0-09. W .03W4 P14ad 1114mpol 146 1

.43g a'- aWON
gaI. Us . I'mS .*.ifa.e

WZ: l~w 3.1ZbO%.' Mz 4^,- MS m- 2

M . M1-W t'1-3W P1-4140 % '! 1-

I- i i= a" a ow -a a Dun-u

Z, W 33 3554U.W xz1454ogo:ioos#NvviN V.4 VflA OI e "

14~w *O.3O'zU Va

* .

100 O 0@000 00000 00 0

22



NRL MEMORANDUM REPORT 4185

N~f .ff.4

em NY

0~046

a. a.

- Im N

j W NN 0
au . amm .
at -9

Su '.^Wj

*04'4 q42 ̂ V 49 '4.

W4 IS4*4

0 z4 m2 4.412

96 Z* 16 W%. I- IL 4164 IL
I~a.0.4 4 - * £ 3.A

oa41 m4 0aa. J! .4 r.4 a N *
4U+ 3 3 0 444 * KNk0% 4J4 0

it~~ at . p 0 b: =

C 44'.U aP . W 2K N

3.1 m1
1 f434W .4 ft 04. of

0 4 *' -4~a 1- a So2441.2313 L

It a4~K313644 A2 = 0N2E'

.46. tj @31903 ~.~3* ~0 40.4 @ '0 44~K~~.

~ ILE .4 . As9lS9 aI 24....34~ 3.4" .4 14 ow- WK~KKI

AI we4I . 0I 0 30 z.E4I.. U4 &,.M1

Aft .4. ... I&AN.

@000l, 0 0

04 44j% 0.I.j I' OL .901Wbn--#u "w
I. I-x Ium IrruW=,I. AWU. s

'44400.NE14'4.00.4 mf 4.4 4.004N.I440.tW -OW-U@*gm~

.4 z u z .4 Ro a

zm." OID a 04 23



Appendix B

25



EVAN B. WRIGHT

0w

NO *

U~ ~~~~ *C'P@4~f@ @@ 0 O*

26



.2 .. ..

NRL MEMORANDUM REPORT 415

".

'A

a0 in 0a a p- M 0 00 000 a 0 @0

uI.

a0 ~ WS :'A~ 0 NWN N N00 0 N W0 b%
WO OM W M N NAOO O N

gg % B ~ ~ e 00 0 O NIU0 6%~04

W w % m - o . IF oft FM PIt0 W U% 0 Iaz.6 'a

IC"

so 6** 400000AA.P

mO c

1.4~ ~~~ p. 0 0 0 000N 000M00
U p. 0000 000 ~ a00 0000 0 ow

UP 4* *e. . . . *. .. 27



EVAN B. WRIGHT

CY A

0 o 4lf reme o .ry. 000 O.M 0 I

a 1" 1* 1N 1"'1 s1 , ,

I"~ ~ ~ on1 0
14 1" 1 14,1: 1

*0# w fat p -q xm r w . 4
9 .1 *, .00 'y a * * -1 ly *y N ,. f" M non(

a -

cc *L 'A . . . . . * .* * .**
ofy a

wlw

-44

b-% ^ P44.0tA~ Po0 . Om g s

44 ow
V4 *4. S ** **S S*S

Q o o 9 4-N' ean': Ueg9,39%fa cy.
A -

all. T a 0 4 w M o4 d-P

41 ow o

28I



NRL MEMORANDUM REPORT 4185

* N O N 4-4 .m. 4*i o OIo@ M 0 ..
m 11 lo. PI V . .

0I MA N a 1 4i 6 IN P. 4" % p F" It D I104-
o i a 0 mO % 0 00 0 00U cc 000 N00 0 000 N0 f. 00a-w

.o% .4 Z .0%o . o..
6w 0z P:f a N N WN% f"4. m .ftm N*- ON @4 00 1"N 40 0

4 jO MP0aa 0 N a.0 0.4 NO.4 V4 &N 4. N, oM4 Cp- po- a c

- w cc C C m * *m w a m% t- w% P C **C ***. .0 . 0 C **
a A C o 0 a 0 oo" r ooo .4 4 # - P- M 0 :o o o.- q-' N NN NNN NvN fM m m NM f"* 44" IV 0 0

N W% W NW

MA M Mi M o 444 N 4 000 M -44.% eN NI0 MN.C

O 3 4% ry. In .4m0 4.% 4 .0 4*0 4U% W% *0 0 0 0.

4 mo 0-0 N C, Now 0i Not mt wm W% ae mii

als o ooo o 0 ao 0oo a oo ao NM 0oo 0 o'* g aa a

a4 0 a a 0 a.4 O 00 440 4 0 0 0 008 Na 0c Q00. & * 0 0

46- a oo'N - 'N oo "%M N oo N If 0%4 m MCW .w.4.V.4. .

z1

LI I Iem IIn I I I" eq Iy 1" I I

0~~~~~~~~ MA 0 0 0 0 0 0 0 0 0 0 0 0 00 000 @0 0000

Z t C: * *i *i * . n I * *. CI * . .* 'i It I C *: ic .* . .
o 0 0040Q0 00j 00 00 0 0 000 00 00 0400i.

0u '000 N 000 000 0: ::::a* M *4 40 44 4...44
0 - .- 4. 0" e. 0 -".44 .4.4' 4 -O

I 29

L m"-7 -.L



EVAN B. WRIGHT

000 
*09e0 eeoc

ie~e ee*e 
geol

0000

M.Vq *AA A AM *44"44

F". . Few **** .. *.

u%*04 ~ ~ . N.U% M d44 W% ~ 4 M N~

.0m @40 0000 0 000

t)0E NNO p.0IN 4 N 40 v N

005* *00co

*.00 000 0000 o-@ - 0000

.4444.4~lie 4N .
4 . ;444.

* . S *W So .. oo ....

30



NRL MEMORANDUM REPORT 4185

F--4 6.A41lP.la 0#ft M@11%. 0 1&61 0 00104 wt % %P.lP

.. * . *. ** '* ....' .*TT .*.... ... . * . *.
0" M onI f" 0 " 0 "f "f ,F I I "ofo

0 M W%-r f" *EA~0 #6.4 P.p 43 OM40 *4a W 4t- 046 9, e*mr-.

4iO0O 0N06A06 40 N1 VIO.O *106. .1604P-4

%0%e *II0N0.60 0 It II - 10 a a on 0 1" a I0

00. 0020000 00 004 O00:0z 0 00900060
11111 Iloilo$ 1111111 1611111 11111 1 folio

06.060 *..0044 0N 44, eC 44 .4 A0 0N N ,N.

0oool.... ...... W. . . . . .* . 4 Po*

e - . W% nmoow"A N:oe.p. 0000m o0e oo 0e

I f".t & '-e. 0... o %o1A1O* 06O a- A a-oWo°°°o°Q0M 6 0 4 1.

ooo. . oo o .ooo o .M 'A b p- t N .V a, N
31- 64

066@0.0 0 M N N NV-004NN 1-00N Nei&; N4%f - M

00000 00000 0M00000 00000 0000 00 00 0
I inn. .1 . .6 n zg*z n* n .* * *** ***** *****

00000 00000 0 00 00 00 0 0 003 0000000

NNNNN N NN N N.NN N N NN N NN NN NN N.

N 6-6- eO6-P.46 eONOM60 N0060 00006 uh0000W%00Nt.a.-

-"M M0mVI' I In444 06600 400 44 610.0 . 6-- ,@0000 0

1NN .J J NNNJNNNN V N N -VN N" IVJN N NN NN N N NN"IN"I

000 :0000000 0000000 :0000 00000 00000000

*~ Ini .n an c nn n .. 1 a* n n n .. .. .. C:* n
00000 000000 0 0 0 0 0 0 0 00 0 0 00000

31



EVAN B. WRIGHT

F.- 4 .4NNIPMZ N 0~4- O NZ.N m4mm Namw% 00 9r......... N ~ * 4 4 0 #.4l 9 NN 0 04 qP4 N

MI IV I% 0 P. f"ff I % IP. "t- I I 10 P. a a (r. m m WaImM 0P o

e"OefO" e. M m f " "M% m.41" 1" m m m~ mm m m "Mf "I "m 1 %f

@00f0N *0@i.00 0000000 N 0ffI@000 000000 0 0 0E0 000

0000ft 0000 00000M .41 00000 00004000 - 0000000

4.444 -r' a N .4 .4 M%0N.4E 0N4 ~ d t-P. m Ja 4 'y wql @ . 40 N N

*040000 000000 *00P000 09 400000 0004.0 40 l00N000000

oooooo ..... oo....... ... 0 2 0 Z

*.0*e 0 uo ... u000 @000000 000000 00000

U ° c, N MoN Ao° ooo P . P. N.o.o oo
aOO O0 o a- a- ft 0 0'I"a a CDP. NOOO 4 4 Pa4 0 a-

a C Cot 0 0*0 . C C a a a * 0. a C0 a0 0.. .. . o 0,o o 0. * a

. I .. I.. .. . . . ..-4 % 9 N N a ..

10, e~4 W 0.N G;C 6N 0 1;AP % In ' t '1 y - % %0 0% fy W%- J~~' N 0

.4000.0.0 4,00 44.-00;4 0. OONN*j4 AC,*0000sN N4-; 000. N

000000 00 00 00 00 0 00 0 00 000000 000 000 0 0 0
* *. . C * * ** ** * . .. . C ** * * * * *C * * C C * C . a . . . . a' C * . a* * * D

80 0 00-o a, CCl0000 00 -0.00 000000000110 00 00 0 0000000000Mmf

a0000 000000a 0 .44...44.. NN NN NN cc~I4C 4 a *0 V ' r, - 000fe N

m C 040Om ftJ4*U1 .4Cb.CN ... ~N0. c 4* OlOM Q aP0 C CuC200

@0030 0000 00000 0000 00 0000 00000

.4.4.4.4.4..4 .44444. :44..... .4........ .4..... .4 .44444444

@0000 00000 0000 000 0000000 0 0 0 00 0 0 00 0

32



NRL MEMORANDUM REPORT 4185

*0 4,N 0 a N0 P. P. W% f~4* w414@ N.4@.-M a0 ~ 44f9
o. I*i. I Ip :. 4.4 444. 4 4 4 I4 p"4 444411

* ~ 900.OS0N. 0.1o.0 4i90:p 1: 0.1 i . P o e
I" (Y44 4 * *4 I* m 4J444 *4 .. Po 4A4 44 4 'y bI 1%a yem 1- f f 11 n

100.641 4M 0001.. 0000ft 4 04W00N444.M4 1O000 41.-4. 100...4

mlq!f111 f11:C. 919 91 1*.999 ,I I hI.Il l i 1 91it11.1.9

It f" P. Iftft .fta A00 0= mv WU19* 40 N.mla a.0A
4  

.-iI
AN~-1-,I P.N0. 4w04lN*F.Uf ~ N~940 4PAOz0.

@4..N~*P 2~0A0 Z Z Z -0.- 0N * -N40 440

,f ill11 1 If o f IIII9 I I ft l l o ft Ia

W:(00400 OO4U'u0* NNVOO.400 N40 a' .. N. Z'"'v .Ae 0 4IU W% W% 't ftah0

NOO0.00 .4.00000 N.4I'.60000 NUS0 0 ca a coo 00000 a fta 00 0N

ii I gi i I Is i Ct : .11 V 'I I m o u

4444~ ~~ .44 4 4, . . .4.I, . .44 4 4 4 , . 4

0A000 00 0 0 00 000 00 p-O eO O of f p. oO%0 0 0ooo0 0

'r in a 6044.t. ~4P 4 P-. W 000600Nm Ita0 a6 4P-0 000 0 0 0 000 0 0

N n6 nW 01a.00 4444 44 mm.. 09l~N4 .4.4444 l9 .4 N0 M**4994N4

~~ .0.00.0.00: ::O*Pooc c0o00 ~0 0.000 0 0 0 0 0

iffl C ~4 .49 4444... .444444. .4f4.4A4:* * * *

00:000 000 0000 @ 000 00000 Oe:@o

33 4 4 .. . . 4 ~ 4. 4 . * 4



EVAN B. WRIGHT

at 040I

00

* 0 0

CP a0

*~~~~~. 9 9 9 9 9 9m. . 'a99 9

99 9 9 99 9 9 9 99 9 9 9 at2e
ci at 1

LL

- NM wN 9-4. ~ '4 MID 4@ P.%N
4  

w wc 0I

9j wwo 0A0? W
0

o U4

o ~ 34



-- =-. -

NRL MEMORANDUM REPORT 4185

* - N 4 - I 4.4 N9 w4 .0 0 MNu 9.p f"OO %
30 4 4 ~ N 49 N O 04 0 . 499 9 094 49
£i 0o 'A4 9A N. #"4 .40 'w in4 IAN 44' MM M. 4 O 4

.9~~~~C Nf 0 099 0p ft N9 IA.N .N N N 0 0%00 0 N M 9

41 D 04 1" 1 1".1 6% 1.4 11. Z4. a. 14 144.
9 I II II I I ~ I 1 1 l l

.4 a

a k N CD oNc 0 00 a% a4 04 ON 1. a.44 41.a90M a 4009
N~~ ~ a a C, *0 0 * 4C * **C **4 C i4

0 lid 0 9 9 N 0 CD 00*0 004 04 0 9 o4 09 0 9 4 99-04 N

K ld N .4 4 44 .400 .4N 00 M19 .4. M. N0 4M. 9N M

0
Z

.4 44% A9 4 N 09 W%44. us A0 W% 4 149 40 0 0 .4 0 9 0

0 %a a 0 0 a 000 0% 0 000 00 00 :00 000000 0000
o: 't n 11 00 000 @0 00 .0 -0 -0 .0 0 0 -. n C!

0~
.% 84 W% W% *~ n9 ~ %i %W %

0 Z 0 0 0 00 000 0 0 00 09 0 0 0 00 000 000



EVAN B. WRIGHT

m " f nl f oft 11%f~~f M mI" on " " mA I"f~l3 I" m m nI nm etIlF rw Mf "I%*

'D~I 'o0 r0 F 41,a nm P.f"N * m w * P-U. w 3 4P. w ".4w0MIl N %a, co I

4: 1: . .. . . . i I "; I I t .: 4: 1 1- w. *0 ** CC.. n It * 4m It .1 " .1 C*
O4 U 4% aI cc* 44 0-j oP -4% o - 00a wC . m0 0 Q. o" , so w N ey'D -

wNe a . a f" UN 4 0f64?..c: f.0 4p A0 N9 4ff M0Na

i PIo Ii I 4444 1 P . ."I ItNN i%~~~ .0 0 T a*, I l*** 4.
-r w -r a (P ;IIU AU %I N 4 4 44444o M4 4 Pli 4 CP 1 tI % aaD d -&M I

M40 wlN Mf~4~ 3134a00N y r4 w% c 44a a4 0 -04 N 1.4D.a1*3Id, 0

4.3134~~~~ It3U a.433 :1414 P.3%VP :.43 % 11 4 9 40 A 13P 1340m 0

oil fI ill jI l I ill loot Iloilo oil13

3Znor0 -"Nsc, I" u :a9.do P9.F0 ft.0 -IIDf c 4 4 0 4D ea ... 001--o-o .. 0 -

vi n 6 .9 11 Vi II 9c I It

0000 000 00 0 co0000co aa0 0000 @000lwt"0 00A0 0000000ft o am oo

a44%313313% 4441 oC.d)41%. P.9.4.& %A f 9*. 0 o0. P.4 a P..40.. m 0aa0119. . m N

A# e~ eyN9~ v...99 Ov..99 1w..99 Iv1 ve yI vI AN ANNNNNIN .. 9999

000.a 0000 00 a 0am0 0f00 :~0 a0 0 0 M a a c* 00
0000 0000 00000 00 00 00000 00 0 0 0 0 0 @ 0 0 0

*.9 n nn . in .1 . n .1 . n .19 nn in .*C . . . .C
w% % w M ww% % u%3Ad"A1 s133331% W% A % 313%3W3in13 A311310 613.11.3 A3311 V% W W 4 % 3.A1n3%31313 U

--- 4-- .4 .4 -4 .& 4 .6 " " 4.4. 4 4 n 4.C : C. w nnn 4

36



NRL MEMORANDUM REPORT 4185

ffiM em M m Wi M f mf m

4.-4*. .o *a0vooZ'mo'
lot11 if 17-1 11171 1

~~f *~cy MO U ~0 me

WN -- . S.

06 Cal * * * C C00 00 v0 0o 000000 f c

in 4 ~ -- ,

000 00 0 0 000 0

*CC CCC ***W *.D ** *.*' c Ci

0 :::::wl: woo o @ . *

37



EVAN B. WRIGHT

9X *. * * * . * * * . . .. . * * . .

mmmm mmme.~ mr~~rnnr ~ mmmmmm mmmmm. vlmWm Immmmmml~ : mmmmm mmmmm m mmm

1 1 1 1 g i i g ~ * g g g s l , g g g , I e g g g g l lA mg g

0 01.0 W% A@ . o4A.p.I PdI 0 .. m dr@A.A 0 ~ ~ .AmN* U A ~ @ n ~ p . N * @ P ' I ~ g I I , @ m I ~ @ A W ~ ~ m ~ m w . m # - @ 4 fV0. .

M wfy 0 . -4: --I~ i. 4ma IA ,N-. .4. . 0 tA 4% . .41- ~ 0 A . N @ N ~ m

0* 0 
.

* S * * * * * 4 * * . 4 * * * * * * * * * . . . . **

@004000 0 '0 00 0 00 y 00000 V% 0 06000o a*000000 ."so00 0a0, o o o . 00. a, 0 o @ eoo o o 0O ooo.

40o 0 o oO'aD~ 4-sooe o4s O! a * Fa -- 'oo No*Io~'

aSo.c..ca 0 000c, ocagao oo. :% :*

@00000o 00 0 0 0 0 0 0 o o o o 0 00 o0 . o ooom

0 0 0 0 0 0 0 0 0 0 0 O oMo o 0 0 0 0 . 0 0 0 0 0 0 0 0 0 .

0 0 0 0 0 0 0 0 0 0 o O ~ o o o 0 @ 0 0 0 . 0 0 0 0 0 o0 0 0 : 0 0 0 0 0 0 0

38



NRL MEMORANDUM REPORT 4185

.40in-, . * mg Z 3 UA* o. Al osN M4 P M MOA

Ammmmmon ph~m~ on~~ f0% one"Mm AMmA mm mm MM M M mm M .m

*AOOr4@A IV.4 -VPf 1p A. A . ft N4.m04 44 U- fP U A o . N Ae-

a-. 41, a .4 - ft. P- A 0c.. .4 4 4 M . P. a a in 0 .4 -

* ~ ~ ~ . 4.. 0 c **c. . 11 cc* cc c. c..c 4.. * .* . * . . .

*i t II II IUof II I 1 1.41 101 of.44 4 b it.d4 0 1... A 4 4 I 0 1*-U1 10

.. f- I.P.I..I.I.4 *00.0 p M ~ 4AN N444AA. N P p p %0 g0M opm00** NN4 A4 ,w~
000at300001 00 00 0 .,i0 ~ 4: 0.1 . P . N 'Ad~.4 P, 01 .
- m N ft : a m N10 . f p- ft aa, 4 - f a 0%g

Na c~c a:*0A0P NDP00.*0 .. 00. O O N E I A0~' 0

**A*A44P~~~~ UNE;AA 1;NAAA 00. 0.4 AA; C;AA'0~ AIAAI~ .

N~A .. P~ fl = 00d a 00 AN . N*P0a A M~0N A N % N 4. ~

I.NIA0- . NU'MJI.6A d)N N M WA 0 lM 04 1 0 N Mv in4 ftaPa a.P% A M. N *0'A4AI.a C. 0

00000'A 000 V%000 00000 000000 0 cp a-cp00009 :0000000000

o ooo 0000 00=000000 00 000 00 0000 o oooo 000000

.44 ""4n nnn:4- 4 4.4

AAA .A .A 4~0 .O .0 I..N.II~-p oo oo oo 000P0.P.0 0 00 00 00



EVAN B, WRIGHT

.

* *j

*3
* *4

00

cs

db 0 . -6 'fb e4 4 @ PN N~ 2
Ai 1.~ . 1 0 , i

* ' .

I A
w a a v

o Ua '

:ol a~ oowN om 241- .. fIINmF %N @I4U
* pq@ *.4j% 4 4. A A N'

'A ~ l * * *** *

~% 4U~4N~0***N4 40@ .N %



NRL MEMORANDUM REPORT 4185

Z ~ ~ ~ t P. f4 f4 10 N 0 N NO 0 N 00 040 0.440 N.444s44

: -f A 0 bf4. m * kf% m40. N m eft4 inN m9 I"I"on0 "I 0 -
0 0% M f" ff4* I" f" ff4* I"N I" ff* f4 f 4 '"* M 0f" I

a J 40 m ?-4 a4 ON m 0o 40 . 0 * o 4..4
4

W C N 0 4N - 0N11% 01a 0 a a 0*1 N4 e . 04 44 4D4

b 4 * * . . . 4 M.7 . 4 * * * * *

N N N N C0 N N N0 N0 00 00n r0 M0 % 0 009:0

ac I I I 44 I 44 444 4 444 I. 4- 4 -

V. fa I" cc N4 M 4 40

Z 1 N * N 04 ca 14 :%af 0a a- a@ -: a0 a-* a

NN -ja M N 00 fI 0 00w eN 00 00m 'r

v4 z

C

2~ 0 - a f4 04 N N0 N 0 @0 N*.. * 000 140z.4*a 00

4 J0 0 . 1 0 M44~4 OMO *N *N 4 044 0f4N

o~ ~ Ma : N 4 00 00 0:Zoo~1 14 0 04 4

& y N N 4 44 1444 44 449 44 449 449 44

.41



EVAN B. WRIGHT

A A j j ; 4 1 A 'D m m m .j

mmgflg~~~~~~~~g4~I Ini.im~ u10%c~ Miim m iPiib ~ .. ~

*.***~~~~ ... ** *.. ** . .. * .. . ""I* Ism.e on*

0.1 4:Qiafm0 4 au I"i MO .l gil .i i t

0 ' . a',~: j .4A **0 * , au 0 $~ . "0, 00
O0~ @~O .N*0bi~ ON iaN '*-A *0~g~@ie94ld

0:~04%OI'%0 4~00: : 00llO N%~Af NIX' 1114F g .l1fig,J0 .P V

kig k11 ggig 6il 10% gig gIll 111s1 0 4,0 160,1

N #~ N0 . 0 0N U iSN 0 1A D No.10*N OP-h 10%~l ah 0P U 04NSA014

.0 w . . - a * .i .' ..e o . 4 11 *4 * *: 0 . 4*0 * * * * * *

4 0* hA~a 0 nJ rfl* u%*h in4EA N.in 0% 0 ooa yoI -0P-pmd 41%

il f I I If i l o f e l f i l $ If I

nn nT .fi 
.

* * * ~ * * * . . . 4* .* 4 ~ * **

00 00 00 00 0 00000 00ca00.00 0 0 0 0 0 00 0 0 0 0

.A A o A A o N *N 6 ,OAhA 6 O.O.O 'C'Oh a n P -- 4.aA NPP t a ON V 0 a 0 P. P. mN

h~~hhA.AhA-; NP P P N 0 0 0 0 ' N N N N N N N M M ^ M M M M M

o-.- --------- N 1Ne ,NNNNj NNN.NNNN N "N NN N N N

C-2* v 0 C. C4*4t* 0c

0:o o~0010 00000 00000 00000 coo W00:0 0000

000200 00000 000 00000 00000 000t 0000 m0000 ::0.00Uls

00000a 0000 00 @0 00 00 0 00000 00 0000 090000% 00@@0xxx0

NNNNN 
NNN N NN N IN N N N N N N N NNN NN N N

42



NRL MEMORANDUM REPORT 4185

~~@NN44IA~~~ 40,mA. , . M ~ 0' 0 a' N

41 'Il 6 o 4,00,0
on 0~ @~ I" w*IA%'*I. ot.. .. A..S . on..* * m.. * f"O A . toA,* *I In m

~~~eA~~~~i~~~~~4U~~~~U~ *4q x40 *9lIAA'@ 0AIAI4. *~4 ~ A%
e~ienI~n~l ~ mm~.IA ~s.Am,~~lAIA mmuAiffffi~mifmifmI~mmI~mmmlel

.*.**.*till' still.. 1..*. * .. * .101.. * ....

* ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ , : -V N . iS5 4 54~ ~ 4

IA A ON N 0~~Uh0 # 45. *4 @ p.pg0~ 
0 w 010 m 1 w

.... *..**z: ' ..... ... *.* ... *.* m..* .. *

40.,ID N NA~A 0 **Um4IAA1-00 90-.II4 :I 4 N M 00 m a M40m

VIc .14~.. 1 5: Villi 1 . . . . . .~4 . .~.4 .1 o -1 -

"INNNNNA)"N Nft4ONfle NNNNNNNN N N N r 0- N I 0@A.4. fy N %NONN AIN N 0N

4Aower-A..I N mamoINO-mN 0.0& * 40. 404 cl.OIAA 0 0 r. mom

61 wI.. . a, a m * A * P. a *r c N M 4 A *I I* * a,* t I * * * I*I* II

4 -v 4 w -# 4 N N **A u % 0N d) 
4

0 pI-~ *A r-z w m w 004N % a a4a

S~ ~ NN N.. N N.I. 4 r44 N d.

@00 In00 @0 V%0 00 000000000 1^0 W 0 00 0 000 00 000000000ft Aa w A w,'

1! .... *1 * : 1 1! c! : : lIt II1 n* It c: *** I **** **II

o000000000000 ooooo~e000000 ooo@0@00000

*Ee. *.. IAAAI.IAAA o4,44C4 1---111--Ooo@ U 00

fmfNNNrf N AsNmNN NANN NN xNNNNNNNN NN N NN N NN N N NN N

430 0 U



____ ----.-.--- MIN-

EVAN B. WRIGHT

M l W .I v M , i . ,m0M a l nM twP .4

M O* M m1 11 MM nMM0 ni "M "M",Ar mf "o I" ,~N f"~4W 0 O MfU "C U,

* ~ ~ ~ y 0.i1g 1711 1 l l~g i g ~ g l~

a at- M t w fym f -q.NN ,4 4111 a w % .P a v. v: ft

me I* codo4 l dUa ,010 0I. 0ow 00 O01 w% 0 aa1110. *0, 0 . ~ 0. W

N 61 N Z I- M II W1 1- " 1 1- I

n n c, I * . . .. .I. T c! c! .c .i~

ocaa 1 NN N N4N N.4 N M 1mmM ~

o o- - -- -j -. a n a C- 1. -- --a" C

-------- --- ---- ------- -- I- ---

000500000a z4o*ooo:o oogoom'ooooo O~oooeooo~o

:0000:00 a :0000000 00000000000 0000000000

oo~o:oa 00oo:0oo 00000000000 :::::::::a
NNINNNNINNN N VN t e y NN ry NNNr.ININNNNN NNdhi NN

44



, - -- . . . * -. - ..... ..... - .---. ..... .T - .. . .... .. ....

NRL MEMORANDUM REPORT 4185

I i i i II I

*m -0-tM m4u *,.SESE.'S W%44a

*moo %.0-o. ooooooo.. .. ,,.Q

454

7 .1 . - I * It . . .11

Sitv 01 am hI0 * gISzj S,&MIDSS.m

N* ~ Q. N W% klNIS 'O

a., mm - 1.0 P~J @ N

* S * * * . *. * S S S S . l l S

P.Na.0.0SS%-S0N~0 N4fl @*fia.N~

~~4~0 ~ ~ 1 *C:~*E i
Ooo oa~oa~. .. @ o000m

N 0 1 0

C,~ ~ l.~ A C, CP.I.A O

~ Sp-@ *iO U%45.

WL 5 . . t** S***



EVAN B. WRIGHT

m01m0 0 1 .10110940 01111.4 14. 4: 0. . 011 1 1m01 . 4: . I . If m0101

1 14A01 1@ V4 0" off off .1~ I 0 M42".O*Iw *01M0t-*M .4 *0a

0*1.1000t@- N* .4*~I O ~ e ~ .

*0004.44 - 000.44444% *~~00..4.44N *00.4..4. .4..4 ".40.44.4.4

.4.4.44.4.44~~1 16.44d4 .*.04. 41 .... .4 . .4.4...~

0000400 . . ..... ... 4. .. 0 .. . 0

*** *** ".4.44449490 1 4. 4.0.9... * 4 4. 4.444.4 .4.4.'d4.4.4 11 1 " 4. " -. 4

44 1.14. 4 . 4 . . i . 41 44 .44 .4 . 4 4 ..4.....44.4.4.

* .4 444 gg.4.4. 4- -0 - 4.4.444444 I .... 9..9.4 -0 0. Z .4..44.44

.4.01.4 e0 ~ d.4 -4.a04r4 1 o04 4 .4000 A1,g4O4' * .0944IN 10

61'0f- 0NP a04~4O9 *f001p. M**94 *N0N@0 m 4 ftON 0 0 N

I 4..44..4 I .444..44. I I 4..44 .4.4. 44444.4.4 . I ...4.4 .4 .0.0..

000000000 0 0 00 0 0 0

011001191f40094 0011001100014194 ***46* *



NLMEMORANDUM REPORT 4185

. . . . . . . . . . . . . . . . . .0 . . . . . .0

100

LAJ0 0

I-c

z.M

~~~~~%~~u r~N. N 0 O ~ 0 P N N 4

~4 b.~~~' WS SAa

474

Ida ,



EVAN B. WRIGHT

-m N0 4 Aj F-12f~0 - o 4 A *~ 6 L4FL

F- 0.

6 1 4440 C4 44 mm, mmLA m' m m 4444 41

O~~e Ln -A 4a 4P N LA N-G ft40 NL 00 0 144 NN-

O .~F- 000 0 00 000 0 00 00 00 0.0000

LIP

0 U0 0 0 0y F- memo 0 4 40 Q00 -- 4 0 4 FF0 LL4

.

0

0- ..J U - N 0 6% W%4L W.N A4 %A 44 LA L0 o~ 0

-48



NRL MEMORANDUM REPORT 4185

NM 4° M 0a N 4 M .4: M M P. opoo eNNM ooo0. 0oo -.

M,. , , , mm m,,m M .M M 7 MaM m m , f m m M, M M M M MmA M MMMM2 ,

@0.NE'5~~~~~~~A M.450 MN # M41 MOA 0 . . .0 ON Na'SA.4 UU05.

440.0 M%50. 14 0 *..4 a NI.4UA ft% 6
.

0uP. 4 0 0. t .4 . N0 4; .0.0 OR

0 0, 00 0 0.0o 000 0.00 000 ,... 0. . 0 C0aa

* 4!.r .4 IS.t ... . 4 II .I . 4 I .4

N a oo .ooo 6 A o o 'ao alo lil .01 ml voAM
1.4.PIS .

4 
0.4 404 00. 1: 00 P:040 0.40 C: ~a gp in 0.1 P 0451s

0e0e o o ol4eo00 M a, 44A- o.aMMe-A a N. M05Al o 4p a. teo0.00
6%1P4 0000 a a Q 05M M44 0.00 ry N5N5N N0 A A All 0 00410 A 44..4 i

00V 00 000 00000 000 000 4000'04 4044 0 04040 00000 0

00000 O0000.. O 0505. 0000 4100o 05050040 O40.00OO P00O44~ 0.400

0 0 0 5 1 10 0 0y0 W- 1 =6 0 1 % . in0 0a 0%. 4a0C w4~ 0 . A.1 0 . 0 4p0 5A5A.a 4 . 0 4 

6 . 0 4 - Q. o o 0 0o ooo0. 4o o o.o o o o 0 0 0 00 0 0

* **SS* S * n..... . . :n* *
P0.0 2.0 .52 400 CPgo 0.0 Ca 1000 t0420-1t50 row 50U% 0.040 lo a 9 9 000. 50

a f a I a i0 C- 0a0 c a Ci il GN o 43 C,0 OIm

0a 0 00 0 00 0 000 000 @0 00 00 0 0 0 0 0 0 0
i .~ nnn** * . . . .I n n n * n n *t TSC n Iin nnl n . .

00000 0000 00 0000008 000 00 080440000 1.... 0 00 0.... 0 0 .. S..S 0055555 00000 4 4 4A*AA A AA *4 4 on .. N4 t550 A55000 A555000 A55500 A05A05A0n505A05AA05AAM05 onA

N- - -N N N 4 f -lNN N44. 0N N NN N NN N 555000 N55500 050NN505N0N505N0I50

ooo~. e,.~0 000 0 000 O.0 0 0~O 0~ 00 00 00 00009



EVAN B. WRIGHT

*PA44za

-, m M "

mw 0.4 499z 
ffte

0001 .~NO . ~ 0

**4444 4**.* ***'11:444
I.0@ .. *@. @ ft.00 memo40000

.g... Is In ft I I-A IiMc

116161 ~41.11 iI 11 4I~

I I.fiDf If~, , . eIt$ I0 0 I I Iloil

.1 004% 41N e Vm : 41- 11N4 % W 1N.41AmT J N 4  
" OON4 S

p.~4E4; 
m i40 4 . -00.p~A p. .. 4d

;044 * *414 1... 4***

11 f1A1,11 wt *41 Ii .11, ~ woo",* Sl ll,

-1 44 1" 'r A,&4 0 N e"4* kA -t A4 U -C AO M

10% S 0 'A. 11% 4$40. .b0wP02 o l.0 Q o 0.01 . 0

IN4 1 01'.~ 0 1 4* 'A.'NI 'A N'A U% 'A %^ U %
US 60%44- 

*W%44UN

00000 000000000000000

It It ... . . . . . not "i 4~ *: C4* *i *044C C i :iI

fNNN NQNN N dNN N NIIN N m( y NN NNNN

0@4.P4N 0@.1-l4N e40~O01' 00Ol



NRL MEMORANDUM REPORT 4185

4 p~40 N !M :~ft peI. M 0#40ONWIO 9 0 N .E* P4
11*0. *.17 . W. *Vt*'d mom.4~S -11111 WA4In 0M.1

9 0 4 ! 0 F%* 0 9 9 4 010 a 4 0 1 0 * 004 ; & : ow0 0 : f n n : = "

0*4mm0* P mP P 9 *0 * p-P m 41% - . p 0A4 A le 0 m on: M0 ~Ill #

ool"i** 999 90 99 9 9 9 99 99 9 00 00 9 00 W0 7 10000009
.4..4..4 4.4 -d .4 M .4.4.4

a, m10 . F- -4 0, J~~m mN.m . M4.4 0al', *0Mm J0, 0 0 ."two% m j .0

lyaM FO. 1 01A'49 P.W m49 eyA I~9 fy~m49 'a .0 0 a 9

.4N~aP~.A 6%-' * & 10NN44 0 f m40Y m 4400.I T90P. ^1E404

I~ ~ ~ w%, ey f4.4 t4 ey ey~ . 44.

00000000 0000000 AMoO O 0 00 0 0000 0 0 0 000000 m m 0 m

MMMS4M ffM m Efl," M mmmsmES..40 ml~mm4mmm"m

000000g20 0:@0:: gaocaogoo :00000 000=0000 @000000S

* ~0 00 00 0 00000::000000000 0000000 00:0 :0 00 0 0 00 0

:MM::Mmm MMMM: 2~UA mmA4.~. mmm MMUMA Mlmem m~m m .m b1%WN%~~4. -4 4. ' 4..444- - .44.~..44 4. .. 44..44..4 .. 44..44..4..,

* 00 000 0 00 000 00 0000 0 0 0000 0 0 000 00 @ 000 000



EVAN B. WRIGHT

fmmwpo--.. f ~P. *:on a#m f" r zP4 4 am a t I004"Ot eg a e4 00 0 fm o

v fyo aa - C W . rNa.#a-effiI 
1 

N00 "00 4 a MN .a 0 f" . N U 0..P.

0N~ 0 a0 Af ~AdOO@0m -~%Cb wo wmo0m fq 0 4fic- ~ ~ ~ .r I ffy . P@. 4z IA 0 -A4i

ilP. il P-il i 'agi , IG~e II '"( f 0C 4 m f "mg m0

oo I4 a.4 *.4. 0 IA.NIi00000fU*.. 0II4

0IA~ .. ; J lp IAA.0.4 W%. vsa~. A.Nj 1AA 0.

a 'l'r44fm ff Nm6 A bN a-04o @000m0P4 eflffN N: :MN UIAN. 11 m P 0**
0000000 f0 11~ O t4. 11..4 4: 1 It 1

**A 440 11A %4~~ NE1Ao40 ** lo0 I* l l IA4400cl
1010 41 V0011 - ft-I .2P 1-1 l

I Iiim iii m ffmmmm r111 oei 0,111 1111

mm im mm m, m mm m m I mm

*~~~~ .~l 11 i S* S*S***S . .1 . .1 il cS a *** . ItS

---- -- --- - -

444 44 44 ~ 11i1P o~a~ o u0 0 o~ae~ao~. 0 00 00

.: o oo 00o 0 a co00 ., 0c 0 0 0 0 , 0 0 0 1 0 0 0 0 0 0

o0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

% %n w% v% II .~ t M . .. . . .. . . W1 * l ON * %
IA ~ ~ ~ ~ ~ ~ f emIAAI NA tyAAIII NA NAAAA~IU I IAIII AA IAAqAAA

000 000 0 0 000 00 000 000 000 @0 000 00 000 00



NRL MEMORANDUM REPORT 4185

* * .* .......*.... *** . . ..* ...

f*r .qp F . *. * .. . .Do .. y IM
m -v

Uj o 4 * N p.

a la

'4

*0 z N
oy o 00 W

* N0D
*of~
Lb it ' N N O 0., ~ L . UA N , ~

o '4 M~h .'4 .EL* A04O SU% ~ SN NO

9 W N l a0 w .0 wN N N. No N. N M a4 afLM' 4'D N M N oA . D P. ' w, . It 0 F. '4MM
oo o c, r :c

fw do 'A m Lb *
Z4

I- :9-w

No- .oa

533 OC



EVAN B. WRIGHT

f" n * '"f" o 1"N 0 A I nf '"e~ *0 rv~ I" O4 1"mw *004 m~ A 0

. W% -4 w% m~v 411 a@ P.t "W .W n0P - W l1 VP 0 . 0 . . n 1 ing4p AD4Mf 2e toM 0 w e 0 .0a*.. ** ft X Z. *.*. "9 . * * :.. ,If*.
4011 e v.- 0P "f 0 0 Fm 400 44440 p I 0 t 4 #" em.0 4 49.4 WI,"11III ioil 111: 11.1 1 i l c i f i e el # f #

400 9 0 :0 I^ = 441 00 "I 0. ON:ON "4. in.9. m0m 4

40.MN MIM MNN aM M* MN.9 *000 0 00 @000 .. * In.0 11 1 1 1 @. . 000d:0 0
In ~ ~ ~ ~ ~ ~ ~ ~ M , N okd .*AkE*0f s1 " "p 0 9.44 94aV 000pf I a a4 a *r00 At001

41009.%90 . NO 1010,60. 000040 :U o0 :e-4. 9..4 00010.

d) - I r.- a' 0: W, 4 N 9. 049J.4g, 0 M9 a-. P0 a. *40Np,0 00,J"d J e 4; 4: 40

III li C iti 77777 77777 111,18 79858 39881 lii 11

Ina 0 9.0A - ON%& N N'A4O 7NMANM *:.E0m ftO@0 gM t :OM
009. i I0 "I4~ N . . 004! 10440. 0. iI 4O *O*.N. 0 .0 ". . 0 . I

ii . .. . . .t . . . .4* * ** * .. .0 61 * 1.~ 4 *
C; A; 001, 0-0100 M00. 0aOOO IO440.. N40.4"0N 1 0N 09.N 4; 4.00..

AON .O C4 1 N 14 N ZY t NeyN .4 m e y f N 994 N 9.4N .. M 4 Oy yfm NIN.9.MM

~0 3k 00000 -4 --Z 'NJNNV141 M'-1 M 0% M 4 44 *0~ 44V*4 6 nn 00-4 . P..9...
ly NNey lyfyJ'yry1N lyNNs NN N NNNV N N N N N NJN N NNNy14NN

a:= co aooc co:: 00000 *:::a* O:ooO a00 00 cee

. . . . . . . . i .0 1 . . i It M . . . .. * . . . . . . .* . . . .9I
000 :0 00 00 000 0000 00000 ::0o@ 0M0 000000



NRL MEMORANDUM REPORT 4185

Al 0 v v. N0 vNO0 t-4 N. NE e:: I&0 aN 1

19 a 4p em Awoem P.4 ON @.P V% 6 6 P.0 P. 411110 AVla 9%W PU..
An mf" 0A A ~ A ~ mA mm A0" mm. Aw ~

.J 6 6 0 *~4 'ONIt I- II! Ni 1-N 1 NA ni. In
ry .. .y %A . a$*....m r

'a 06 0 0 0 00 0 0100 000 000 000 ,9 0.
0 I I I II oi IIIII

al ev a *a P. P. P. *m ry ft I- Sb In In f" a

4 'D - NNNN NN 4E m m Nmi E E C

1a c: ..i 4 I I* .* . . . c: It *: 1 *: . .1 . It *Si S S
C, Z 0 a 4 0 00 40 aO 0 o mC0 =0 40 a0 04 a 400C m 01a0a

if .. C - N - y o N mm N -- w N4

U I on Ir N11 Ii Ni 14 II ni 'yI Ii I. lIn I

0 W

zC a 0 c, c, 00 0000:N i .S A N 4 NO 144 O N

a ~0 0 :00 00C 0 00 00 000 000 0000 0g0 %000
0 W 0 0 0 00 0 0 0 0 0o 00 @0 000 000 000

0~~~m m f" on I" m am I" f" ** m I" ** ***

0 Z 0 0 0 0 00 0 00 0 0 000 000 000 000 000



EVAN B. WRIGHT

a4~ *W0.@i .*"vO 1 400.4 P. 2 a mOi i0 0 M N. @ N'..

4 0 P. 0 D % % ft' N 0. M F0. 01 400P0 - W % tf d)..@ . ftft.. M0 40 w000

'Y -v 0; a' P.I1I 0 0.f F a )00Nr 100P.P a, 0U 0@ 0VNED4 10-

@000 00000 000000 0o00- a 00.4 000o 0 00 0 0 00

gO llie )li lt Il o l o 1 11 11 t i tl e l i lt I1 # l1 1ilil Il Iii of

m0.@ 04 N m0 aN4. NON Orhll . gN. Map.o 0 U a a

000 0 a0 0 0a00 a CDcc e aa, 00-0.0.0 0...000 0000.0 .0 Ce 0000

ftPff0 -i.Pp 4.4N'i m : W%0 0 a V aN mP...i 0 ~ .P 4A 0.411N N

* 4** . * * *0. . .1 . .*** **** ...... . . .
m4.. d)000 iA11 m.00. 1 1140.0. 0 a C4P.0.0 .A 44.0 0 C.0010 1A4.J0.0.

4...N P 44.. 1 na G %W4 )a m N 0.. m W4,-- r4 ~ 4 a

SO0:0A 04000 P.U'Mm40 0l0* 0.A N .00.00. oaco'.*:o 0A..a~g

gal0 U'140, 0, 0 g : : N i0.-i NiP4 4N N C.4PN r4P0-N A 0r@Mr Wry 0414-y 1 N IV fy m- m M, .m m.. mm I, m m 4m

14 I I M e" m I" m

00000a 00000 000:000 00000 0000 000000 :0000000 000000

*0P40 : .00 :. 000:~ 0.0.0:N 0000a~ ::so::::~. :000:

000 000 00.000a00 00000: 00:.004 OOao e 0000 0
00 0 00 0 0000" 00000e~ M0~ 000000m 000 000 00 00

i~~il~A A~AI.A IAAUAI il~AA1% A~AU*% ~ AA~iA ~ i 4. A 56A1



NRL MEMORANDUM REPORT 4185

10ptf P .4 NN N 0 WC m m * O0 .

6100P-00F- 0-o O 0 0 - 00 005. 000 ft~~m mm w M .. 4m-S-- .. 44- v
mm1 11 mmgigig ggg gg I"I"mM m"" "

.. S.4g. ~ ~ ~ ~ 61 U-N 'S 4 P. W*- 0 N N~ ~
*000k;lfteP' FN. 4 *sSE0N * 4 a,0 j.P

* . S * * * * S * * * * * . . . . S * * S * * * * * o'

~~-- 0!0 ---. 5 ~ ~ ,S -

.:tOo g0 m -r0 ao ,a aO O a- .0 40O.

--- - -N ---- S N .....44 .
151 1 s s 111.,l ga14i1 111111 11 li lt#S

* ~ ~ ~ 0 i 0 * *~S~.1 " . . . *. Ii i ". .. i .: i
N* W JN m 0 101.. -m~ wSAPt...N .4N,1% . e: 0 'mCN N

99 1Vi i Vl .I I I I 19 C9 l CI

ooo ooo ~ o coo co 000 0 0 000 0 0 000

1-o.c oc. rP P-rNPi w cc 00 c O' cp 1 a e0 .,

00000o0000 40000g 0 0 0 0 0 000 0 00000

0000000000: @000000o 000:00 0000000 0000000

000 o ooo o 00 00.00 00 000 0

57



EVAN B. WRIGHT

*.o....o..* o **eeeo...e.*e eoeeeeeoee

*~~ . . . . . .. . . . . . .. * .*~* . . . . .* ** *

.. *.. ..*,. .. *** .... .* . . . . .*.*..

*o * o. ** . . . .* o * o *S o o oS * o * * * * * *

AA . . . . . . . * . . . . . . 5 5 5 5 5 , .. . . . * * 0

af

I-I

o o MN cc a *o oo01 * a oo e a-o o COD . ft
ooeeooeeoeeoe0, e ,eoe 0e O e e e eoe0

0

do *% * * f N *S *S a a, m m m a o ft - U w
a

3
4

£

0 ,s. :m V N % N 4m.

CD 04 a- CP 6 -. ~ p & G l-0 -0 0 - 01-

A ~ ~ ~ ~ f &A *N N 40aNN . 0 cp.. %, a,0 s N G Csb
0 - 0a a0 a.'0 00 s & 00 a 0 p0 0 0 0a-

C

N P000000000000000000 00 000 O0000000000

'A It 0 0 0 0 0 0 Tic:1 0..tlv 000 0 0000

58

IAI


